Introduction
============

Chronic kidney disease (CKD) has emerged as a global public health problem, with the number of new cases increasing exponentially in the last few decades. Public policies targeting primary prevention, early diagnosis, and intervention for CKD are in urgent need.[@b1-tcrm-12-489] The epidemic of obesity, meanwhile, has been shown to be one of the principal causes of the markedly increased CKD prevalence.[@b2-tcrm-12-489] Conversely, the role of body-fat distribution in the pathogenesis of CKD is less clear. It has been shown that general body obesity, quantified by the body mass index (BMI), is associated with the development of CKD.[@b3-tcrm-12-489] It is also noted that abdominal obesity may be more specifically important, which could be assessed by waist circumference (WC).[@b4-tcrm-12-489]--[@b7-tcrm-12-489] Despite good correlation with abdominal adiposity, such anthropometric measurements do not differentiate the visceral from subcutaneous adiposities.[@b8-tcrm-12-489] Moreover, the effects of the visceral adipose tissue (VAT) cannot be precisely predicted by BMI and WC in clinical practice.[@b9-tcrm-12-489] Visceral obesity, rather than peripheral/subcutaneous type, reflects the metabolic changes in the body more accurately.[@b5-tcrm-12-489],[@b6-tcrm-12-489],[@b10-tcrm-12-489] Computed tomography (CT) and magnetic resonance imaging (MRI) are two of the most sensitive methods to measure visceral fat. However, both procedures are inadequate to screen large populations, since they require expensive and specialized equipment that may expose the individuals to ionizing radiation.[@b11-tcrm-12-489]

Notably, VAT has shown the strongest consistency with visceral obesity measured by MRI.[@b12-tcrm-12-489],[@b13-tcrm-12-489] In order to surrogate the imaging techniques, predictive equations were validated to estimate VAT from simple measures including WC, BMI, and metabolic indexes (triglycerides \[TGs\], high-density lipoprotein \[HDL\], etc).[@b12-tcrm-12-489] In this setting, such predictive equations can be regarded as simple, convenient, cost-effective, and reliable measurement tools to quantify VAT.[@b9-tcrm-12-489],[@b14-tcrm-12-489] VAT has been documented to correlate with the occurrence of chronic diseases, such as diabetes, cerebrovascular disease (CVD), and hypertension.[@b15-tcrm-12-489],[@b16-tcrm-12-489] Stępień et al[@b17-tcrm-12-489] reported the method using this index to evaluate the association between obesity and CKD.

The objective of the present study was to investigate whether the estimated VAT by visceral adiposity index (VAI) is associated with reductions in glomerular filtration rate (GFR) and the prevalence of CKD among residents aged 40 years and above at Wanzhai Town in the People's Republic of China.[@b16-tcrm-12-489],[@b18-tcrm-12-489] Meanwhile, we sought to propose that VAI could be used as a simple economic reference index for the screening of CKD in clinical practice.

Methods
=======

This study was approved by the ethics committee of the Third Affiliated Hospital of Southern Medical University. All the participants provided written informed consent to participate in this study.

Study population
----------------

Data were drawn from a population-based, cross-sectional survey conducted in Wanzhai Town, Zhuhai. Zhuhai is located on the southern coast of the People's Republic of China. There are six communities in Wanzhai Town, and three of them were randomly selected for this survey. This survey was conducted between June and October 2012. An additional inclusion criterion was an age ≥40 years. Exclusion criteria were: taking lipid-lowering medications or angiotensin-converting enzyme inhibitors/angiotensin II receptor antagonists for nearly 1 month, incomplete basic information or laboratory data, menstruation, symptomatic urinary tract infection, and urinary tract obstruction. A total of 1,581 residents were recruited. All residents were asked to stop the antidiabetic or antihypertensive treatment for 4 weeks before examination.

Data collection
---------------

Data were collected based on residents' health records, including age, sex, medical history, family history, and personal history. The registration was followed by physical examination and collection of blood and urine samples.

Physical examination
--------------------

Blood pressure (BP) was measured in the seated position with a calibrated mercury sphygmomanometer after at least 5 minutes' rest. According to the guidelines of the World Health Organization, WC was measured at the level midway between the lower rib margin and the iliac crest in the midaxillary line, with the participants standing with their feet 25--30 cm apart and breathing out gently. BP and WC were measured three times and their average values were determined. BMI was calculated as weight (kilograms) divided by the square of the height (meters).

Laboratory variables
--------------------

First morning urine samples were collected; urine protein and creatinine levels were measured and the albumin-to-creatinine ratio (ACR) was calculated. Fasting blood samples were collected for detecting AST/ALT \[aspartate aminotransferase/alanine transaminase\], C-reactive protein (CRP), low-density lipoprotein (LDL) cholesterol, TGs, uric acid, HDL cholesterol, creatinine, very-low-density lipoprotein cholesterol, glucose, insulin, and total cholesterol. All specimens from collection sites were transported to the central laboratory in the Third Affiliated Hospital of Southern Medical University within 3 hours and stored at 2°C--8°C until analysis.

Calculation
-----------

Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated as fasting plasma glucose (mmol/L) × fasting insulin (mU/L)/22.5.[@b19-tcrm-12-489] GFR was estimated using the four-variable Modification of Diet in Renal Disease (MDRD) equation \[175× (serum creatinine)^−1.234^ × (age)^−0.179^ ×0.79 (if female)\].[@b20-tcrm-12-489] ACR (mg/g) was calculated as the ratio of urinary albumin to urinary creatinine. VAI was calculated as follows:[@b21-tcrm-12-489] $$\begin{array}{r}
{\text{Male}:{VAI} = ({WC}/39.68 + \lbrack 1.88 \times {BMI}\rbrack)} \\
{\times ({TG}/1.03) \times (1.31/{HDL})} \\
\end{array}$$ $$\begin{array}{r}
{\text{Female}:{VAI} = ({WC}/36.58 + \lbrack 1.89 \times {BMI}\rbrack)} \\
{\times ({TG}/0.81) \times (1.52/{HDL})} \\
\end{array}$$

Diagnostic criteria
-------------------

CKD was defined as estimated glomerular filtration rate (eGFR) \<60 mL/min/1.73 m^2^ by the MDRD formula and/or ACR ≥30 mg/g.[@b22-tcrm-12-489] Hypertension was determined by elevated BP (more than 140/90 mmHg) or previous diagnosis of hypertension and receiving antihypertensive treatment. Diabetes mellitus was defined as a fasting serum glucose ≥7.0 mmol/L and/or self-reported diagnosis of type II diabetes. The education level is categorized into three stages: illiterate, primary school or junior high school, and high school or above.

Statistical analysis
--------------------

Acquired data were analyzed using SPSS 19.0 (IBM Corporation, Armonk, NY, USA). Continuous variables were represented as mean ± standard deviation (SD), and categorical variables were represented as proportions of each subgroup. Continuous variables were analyzed via one-way analysis of variance (ANOVA), and categorical variables were analyzed via the chi-square test.

Logistic regression models were used to determine whether VAI is associated with CKD. VAI was divided into four quartiles and considered a categorical variable.[@b23-tcrm-12-489] Model 1 was adjusted for age and sex. Model 2 was adjusted for age, sex, lifestyle (smoking status, alcohol consumption, physical activity, and education), hypertension, diabetes mellitus, and coronary heart disease (CHD). To determine whether fasting blood glucose (FBG) and BP affect the relationship between VAI and CKD, age, sex, lifestyle, history of hypertension, diabetes mellitus, CHD, FBG, and BP were included in model 3 included in model 3. *P*-values \<0.05 were considered statistically significant.[@b18-tcrm-12-489]

Results
=======

A total of 1,581 residents (585 men and 996 women) were included in the present study. Their ages ranged from 40 to 95 years, and the mean age was 57.47±11.08 years. It was noted that the employment rate was higher for men among local residents, and employees were offered free physical examinations by employers. This could explain the observed sex bias in our sample. BMI was obtained for each participant to estimate the prevalence of general obesity (43.1%), with the cutoff value set at 24 kg/m^2^. Besides, medication history was also recorded: 150 subjects were taking antihypertensive agents, 40 subjects were taking hypoglycemic drugs, one subject was taking sleeping pills, and 28 subjects were taking Chinese medicine.

Baseline characteristics of each group
--------------------------------------

[Table 1](#t1-tcrm-12-489){ref-type="table"} shows the clinical, biological, and anthropometric characteristics for the residents categorized into four groups, as described in the "Methods" section. In general, VAI scoring positively correlated with age, BMI, WC, BP, FBG, cholesterol, TGs, LDL, CRP and blood uric acid levels, and ACR (*P*\<0.05). However, HDL level and GFR were negatively correlated with VAI values (*P*\<0.001). It is noted that the prevalence of hypertension is higher for residents with their VAI values in the upper quartile, which is the same as that for diabetes (*P*\<0.05).

The relationship between VAI and the prevalence of CKD
------------------------------------------------------

The prevalence rates of CKD in the four groups are presented in [Figure 1](#f1-tcrm-12-489){ref-type="fig"}. They were 11.8%, 12.8%, 16.5%, and 23.7%, respectively, for Groups I--IV, which implies the significant correlation of VAI value with occurrence of CKD (*P*\<0.001).

Logistic regression analysis of the correlations of VAI values with the prevalence of CKD
-----------------------------------------------------------------------------------------

As shown in [Table 2](#t2-tcrm-12-489){ref-type="table"}, with Group I (VAI \<0.92) as control, the other three groups (II, III, and IV) were defined as 0.92≤ VAI \<1.47, 1.47≤ VAI \<2.37, VAI ≥2.37, respectively. After normalizing for age and sex, odds ratios (ORs) in Groups II, III, and IV were 1.08 (*P*=0.727), 1.57 (*P*=0.034), and 2.31 (*P*\<0.001), respectively. After further normalization with smoking, drinking, physical activity, the degree of education, and the history of hypertension, CHD, and diabetes was considered, ORs for each group became 1.16 (*P*=0.551), 1.59 (*P*=0.047), and 2.14 (*P*=0.001), respectively. Similar results were not observed after FBG and BP were included in the normalization, and there was no significant difference in the ORs for different groups, which were 0.94 (*P*=0.81), 1.11 (*P*=0.71), and 1.68 (*P*=0.053), respectively.

Discussion
==========

Visceral obesity is closely associated with metabolism as well as the incidence of CKD.[@b24-tcrm-12-489] VAT was generally assessed by WC, which cannot differentiate the visceral from peripheral adiposities.[@b6-tcrm-12-489] Moreover, the gold standard MRI is hardly used given its limitations of equipment and cost. Thus, a faster, easier, cheaper, and relatively accurate method for the diagnosis of visceral obesity is desperately required. VAT, combined with anthropometric measurements and blood biochemical indexes, exhibits high consistency with MRI in terms of evaluation of visceral obesity.[@b12-tcrm-12-489] As an important clinical index, VAI has been extensively investigated in the fields of many disorders, but is rarely related to CKD. Therefore, in the current study, the association between VAI and CKD was explored and elucidated in a quantitative way, which could validate the potential of VAI to be used as a convenient and reliable reference index for predicting CKD.

Our results demonstrated that ACR elevated remarkably as VAI increased, and GFR decreased at the same time ([Table 1](#t1-tcrm-12-489){ref-type="table"} and [Figure 1](#f1-tcrm-12-489){ref-type="fig"}). Logistic regression analysis showed that the prevalence of CKD among residents in Groups III and IV (VAI ≥1.47) correlated with VAI independently (*P*\<0.05), whereas similar correlation was not observed (*P*\>0.05) after normalization with FBG and BP included in the model. This suggests that VAI would be considered a predictive index for the occurrence of CKD, which is highly dependent on FBG and BP, and the cutoff value for VAI could be 1.47. Furthermore, in Group IV (VAI ≥2.37), OR was 1.68 (*P*=0.053) after normalization with FBG and BP. However, the *P*-value was close to 0.05, and the association of VAI and CKD was not certain, which could be caused by the small sample size in this group.

As a predictive index for visceral obesity, VAI is considered to be correlated with the occurrence of metabolic syndrome and other metabolic diseases.[@b13-tcrm-12-489] Obesity is a risk factor for the pathogenesis of multiple disorders. For example, obesity leads to renal dysfunction via high infiltration of fat in the kidney, excessive accumulation of free fatty acids in tissue, and the abnormal circulatory level of adipokines secreted by adipose tissue.[@b25-tcrm-12-489] Furthermore, obesity is involved in inflammation[@b26-tcrm-12-489],[@b27-tcrm-12-489] and vascular diseases[@b28-tcrm-12-489] via the sympathetic nervous system and angiotensin system. Additionally, metabolic disorders could also result from obesity, including IR,[@b29-tcrm-12-489] hyperlipidemia, hypertension,[@b30-tcrm-12-489] hyperuricemia,[@b10-tcrm-12-489] and inflammation, which are also the important risk factors affecting the occurrence and progression of CKD. Consistent with previous reports, we found the possible association between VAI and BP, FBG, HOMA-IR, CRP, and serum uric acid levels. Thus, the correlation between obesity and CKD could be mediated by numerous factors.

Conclusion
==========

In conclusion, among the residents aged 40 years and above, VAI is closely correlated with the occurrence of CKD. VAI could act as a predictive index for the screening of CKD, which is dependent on levels of FBG and BP. Convenient and reliable, the measurement of VAI is expected to be a promising indicator for the prediction of CKD clinically at all levels of medical and health services. However, it is noted that the establishment of VAI calculation was based on the white population. Adjustment of the VAI calculation method for the Chinese population needs further investigation.
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###### 

Basic characteristics of participants in the four groups

  VAI value                                                           Group I (N=398), VAI value \<0.92   Group II (N=392), VAI value =0.92--1.47   Group III (N=399), VAI value =1.47--2.37   Group IV (N=392), VAI value ≥2.37   *P*-value
  ------------------------------------------------------------------- ----------------------------------- ----------------------------------------- ------------------------------------------ ----------------------------------- -----------
  Age (years)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}              56.49±11.21                         57.57±11.23                               57.07±10.57                                58.76±11.21                         0.029
  Male, n (%)                                                         175 (44.0)                          129 (32.9)                                150 (37.6)                                 131 (33.4)                          \<0.005
  Hypertension, n (%)                                                 67 (17.0)                           88 (22.5)                                 103 (25.9)                                 137 (35.1)                          \<0.001
  Diabetes, n (%)                                                     19 (4.8)                            24 (6.1)                                  37 (9.3)                                   42 (10.7)                           0.006
  CAD, n (%)                                                          8 (2.0)                             15 (3.8)                                  12 (3.0)                                   12 (3.1)                            0.519
  Education, n (%)                                                    119 (30.1)                          121 (31.1)                                131 (33.2)                                 110 (28.3)                          0.514
  Smoking, n (%)                                                      50 (12.8)                           48 (12.5)                                 41 (10.3)                                  52 (13.5)                           0.569
  Sports, n (%)                                                       236 (62.8)                          244 (66.3)                                247 (64.2)                                 229 (61.9)                          0.620
  Drinking, n (%)                                                     88 (22.3)                           89 (23.2)                                 80 (20.2)                                  88 (22.7)                           0.749
  BMI (kg/m^2^)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}            21.97±3.21                          23.03±3.14                                24.53±3.36                                 24.84±3.06                          \<0.001
  WC (cm)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}                  78.08±8.72                          82.65±9.38                                87.17±9.20                                 89.29±9.88                          \<0.001
  S-BP (mmHg)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}              125.02±19.17                        129.72±19.39                              132.69±19.12                               135.81±18.82                        \<0.001
  D-BP (mmHg)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}              75.25±9.63                          77.54±9.45                                80.31±10.50                                82.08±10.49                         \<0.001
  FBG (mmol/L)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}             4.82±0.83                           4.99±0.99                                 5.22±1.31                                  5.48±1.59                           \<0.001
  Cholesterol (mmol/L)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}     5.30±0.95                           5.51±0.90                                 5.61±1.04                                  5.71±1.08                           \<0.001
  LDL (mmol/L)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}             3.14±0.82                           3.42±0.81                                 3.48±0.92                                  3.10±0.89                           \<0.001
  HDL (mmol/L)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}             1.82±0.36                           1.59±0.26                                 1.41±0.20                                  1.35±0.25                           \<0.001
  TG (mmol/L)[a](#tfn1-tcrm-12-489){ref-type="table-fn"}              0.76 (0.62--0.88)                   1.09 (0.97--1.24)                         1.50 (1.32--1.79)                          2.52 (2.09--3.27)                   \<0.001
  CRP (mg/L)[a](#tfn1-tcrm-12-489){ref-type="table-fn"}               0.62 (0.31--1.31)                   0.93 (0.472--32)                          1.45 (0.68--2.84)                          1.64 (0.83--3.37)                   \<0.001
  GFR (mL/min/1.73 m^2^)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}   99.29±22.59                         98.49±21.18                               94.80±19.13                                92.93±21.20                         \<0.001
  BUA (μmol/L)[b](#tfn2-tcrm-12-489){ref-type="table-fn"}             322.65±88.19                        331.32±87.45                              372.98±95.37                               388.89±99.44                        \<0.001
  ACR (mg/g)[a](#tfn1-tcrm-12-489){ref-type="table-fn"}               7.00 (5.00--12.00)                  8.00 (5.00--15.00)                        9.00 (6.00--17.00)                         10.00 (6.00--23.00)                 \<0.001
  HOMA-IR[a](#tfn1-tcrm-12-489){ref-type="table-fn"}                  1.27 (0.87--1.77)                   1.58 (1.13--2.41)                         2.15 (1.42--3.08)                          2.81 (1.86--4.08)                   \<0.001

**Notes:**

Median and interquartile range (25th to 75th percentiles) were used to show continuous variables having a skewed distribution, such as HOMA-IR, serum CRP, ACR, and serum TG. Kruskal-Wallis H(K) test was used for skewed distribution.

The continuous variables were presented as mean ± standard deviation if they had a normal distribution.

**Abbreviations:** VAI, visceral adiposity index; CAD, coronary artery disease; education, high school and above; BMI, body mass index; WC, waist circumference; S-BP, systolic blood pressure; D-BP, diastolic blood pressure; FBG, fasting blood glucose; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TGs, triglycerides; CRP, C-reactive protein; GFR, glomerular filtration rate; BUA, blood uric acid; ACR, albumin-to-creatinine ratio; HOMA-IR, homeostasis model assessment-insulin resistance.

###### 

Logistic regression analysis for the association between VAI and CKD

  VAI                      Model 1[a](#tfn4-tcrm-12-489){ref-type="table-fn"}   Model 2[b](#tfn5-tcrm-12-489){ref-type="table-fn"}   Model 3[c](#tfn6-tcrm-12-489){ref-type="table-fn"}                               
  ------------------------ ---------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------- ------- ------------------- -------
  Group I (\<0.92)         1 (Control)                                                                                               1 (Control)                                                  1 (Control)         
  Group II (0.92--1.47)    1.08 (0.70--1.68)                                    0.727                                                1.16 (0.72--1.86)                                    0.551   0.94 (0.54--1.63)   0.81
  Group III (1.47--2.37)   1.57 (1.03--2.39)                                    0.034                                                1.59 (1.01--2.51)                                    0.047   1.11 (0.65--1.90)   0.70
  Group IV (≥2.37)         2.31 (1.54--3.46)                                    \<0.001                                              2.14 (1.37--3.31)                                    0.001   1.68 (0.99--2.83)   0.053

**Notes:**

Factors considered for normalization: age and sex;

factors considered for normalization: age, sex, high BP, diabetes, CAD, smoking, drinking, sports, and education;

factors considered for normalization: age, sex, history of high BP, diabetes, CAD, smoking, drinking, sports, education, FBG, S-BP, and D-BP.

**Abbreviations:** VAI, visceral adiposity index; OR, odds ratio; CI, confidence interval; CKD, chronic kidney disease; CAD, coronary artery disease; S-BP, systolic blood pressure; D-BP, diastolic blood pressure; FBG, fasting blood glucose.
